MATERIAL AND METHODS
The study was undertaken in Bolivia, Department of Santa Cruz, at the Hotel Flora & Fauna, 17°29'96"S/63°39'13"W, 430m, 5 km SE of Buena Vista. This hilly locality lies in disturbed transition forest (Semideciduous Chiquitano Forest and Tropical Humid Forest), 16 km from the foot of the eastern Cordillera of the Andes. Clarke & Sagot (1996) state that: "meteorological stations have only recently [1991] been established in the area and the data should be considered, only, as a guide to climate conditions." They briefly outline the climate of this tropical locality, which is summarised as follows: "near enough to the equator to be little affected by day length (one hour's difference), but far enough south to experience marked seasonal changes. The warm, austral summer [minimummaximum temperature 22-28°C] , from pupal chamber (6 cm long x 1,9 cm diameter) on ground below "Penoco" sapling, photographed and preserved in alcohol (MZSP); 1 pupa, 28.VIII.2007, from pupal chamber (7,0 x 1,7 cm.) on ground below "Penoco" sapling, 11.VII.2007, photographed and preserved in alcohol (MZSP).
RESULTS
Adult Behaviour. Adults come to light in October and November; three examples bred from cut branches kept under laboratory conditions emerged in November (2006), December (2005), and February (2007) . It is probable that mating and oviposition take place shortly after emergence. All the Samanea selected for oviposition were small 2-3 metre-high plants (Fig. 1) ; albeit mature trees offered a multitude of branches of equal size, none had been girdled. Branches that were longitudinally sectioned indicated the absence of competing larvae; whether due to larval cannibalism by early instars (less likely) or selective oviposition (more likely) could not be resolved. There was no evidence that females prepared oviposition sites with their mandibles, although the bark of Samanea is moderately rough and small egg scars could have been overlooked, it seems more likely that the eggs are deposited directly below the soft, corky bark. Eggs were usually laid within the basal third of each branch and, in all cases, eggs appeared to have been laid apically to the part of the branch eventually utilised for the pupal chamber.
Larval Behaviour. Exactly when the 1 st to 3 rd instar larvae change from one instar to another is not known, but the change from 3 rd to 4th probably takes place after 3-4 months, shortly before the larva starts preparations for the severance of the pupal chamber, and the change from 4 th to 5 th instar always takes place inside the pupal chamber after 9-10 months, 2-4 weeks before pupation. As set out here larval activity may appear to be unnaturally complicated, and so it has to be, for the development of the larvae of P. ensifera requires combination of a number of behavioural adaptations: i) the larva has to keep its burrow clear of frass and other woody particles that cannot be consumed; ii) the apodous larva (inside its tight-fitting burrow) must turn itself around on, at least, three occasions to account for observed activity; and iii) on two occasions the larva must make preparations to sever the branch without danger of exposing itself to the world outside. Furthermore, after severing its pupal chamber from the parent plant, the 4/5 th instars have to complete their growth, over a period of 5-10 months, trapped within a short piece of branch which may be as small as 2,5 cm in length and 1,4 cm diameter.
Since branches bored by Phoebemima larvae remain in green and leafy condition this stratagem may be related to the defensive behaviour of the plant (which produce considerable 1 2
Figs. 1-2. Branch girdling by larvae of Phoebemima ensifera Tippmann. 1, Small Penoco tree (right) with reassembled branch severed by two P. ensifera larvae; A. detail reassembled branch; B. detail severed tip of pupal chamber; 2, Schematised larval activity of P. ensifera in Penoco branch. Top: 1 st to 3 rd instar work. Centre: 3 rd /4 th instar work. Bottom: 4 th instar work. Life cycle of Phoebemima ensifera Tippmann quantities of gummy sap at the site of wounded tissues) or, may be, evasion of predatory mites, ants, woodpeckers and monkeys, all of which are very active during this time (the beginning of the dry season).
Larval Development (Figs. 1-7) . First instar larvae hatch from the egg at point A (Fig. 2, top) and start feeding subcortically, the 2 nd instar moving a short distance distally (1-4 cm) before entering the heartwood between points A and B.
The 2/3 rd instar, feeding on the heartwood moves up and, then, down the stem to point B (3-7 cm from point A) where it chews two small holes (the frass apertures, figs. 4, 5) opposite each other, and through which it ejects frass and slivers of fibre to the outside. After completion of these the 2/3 rd instar continues to move down the branch, feeding and backing up to eject frass at point B, until it reaches point C (3-10 cm from point B). Here it prepares further frass apertures.
From point C the 3 rd instar moves further down the branch, feeding and backing up to eject frass at point C, until it reaches point D (9,5-16,0 cm from point A). Here the 3 rd instar, having reached the end of its burrow, backs up for a short distance (2-5 cm) to return to point C, where it furthers its preparations to sever the branch several weeks later. These preparations consist of: i) chewing a transverse channel ( 0,3 cm diameter) connecting the frass apertures which, when the time comes to sever the branch, will be enlarged and filled with frass by the 4 th instar to serve as a plug (the T-plug) sealing its burrow from the world outside; and ii) preliminary work to sever the branch by chewing away the wood as far as the phloem (which shrinks, to leave a depressed ring visible on the outer surface of the branch).
After the preparations at point C have been made the 3/4 th instar larva backs up to point B, further enlarging its burrow on the way. At point B the 4 th instar repeats the preparations (as at point C) and enlarges the upper part of its burrow (between points B and C) to form the pupal cell; much of the detritus produced during these operations will be stuffed into the apex of its burrow or ejected to the outside through the frass apertures made earlier. The larva now makes the final preparations to, nearly, sever the branch by reducing the thickness of the phloem to a thin, narrow ring and tightly plugging its burrow (at point B) with fibres to prevent the ingress of predators. Now the larva must wait until gravity and climate (rain and wind) combine to sever the apex of the branch (35-97 cm length) from the pupal chamber (Fig. 2,  centre) .
Once the branch has been severed at point B the 4 th instar turns around and returns to point C, where it makes the final preparations for the second cut (partly prepared earlier) by reducing the phloem further and filling the lower section of, and the opening to, its burrow with fibres. Again, the larva must wait for gravity and climate to sever its pupal chamber (Fig. 2, bottom) from the parent plant (2-9 days after the first cut). Now, lying on the ground, this small section of branch (2,5-8,2 cm long, 1,4-2,8 cm diameter) will be home to the larva for up to ten months. Once the pupal chamber has fallen to the ground the 4th instar larva continues to feed by enlarging its burrow and pupal cell (which is directly adjacent to the Tplug) and stuffing the detritus towards the bottom of its chamber. At some time the larva returns to the pupal cell (where it now makes its final turn, with its head once again pointing towards point B) to initiate a short period of increased activity:
Figs. 3-9. Life cycle of Phoebemima ensifera Tippmann. 3, Sectioned Penoco branch showing work of P. ensifera larva; 4, Apex of pupal chamber showing position of frass aperture; 5, Detail of frass aperture; 6, P. ensifera 5 th instar larva (38 mm); 7, P. ensifera pupa (23 mm); 8, P. ensifera adult male (17 mm); 9, P. ensifera adult female (19 mm). ejecting large quantities of detritus through the frass apertures at point B. This is followed by a long inactive period but, by August, the 4 th instar larva will have changed into the 5 th instar (Fig. 6) , wedging its shed skin against the frass filling the lower part of the pupal chamber.
The 5 th instar, which appears to be less active than other stages, feeds in a desultory manner before closing the apical frass apertures. By late August to mid September the 5 th instar ceases its movements and, lying within the pupal cell, pupates (Fig. 7) . 10-20 days after pupation freshly emerged adults were observed in their pupal cells and their life cycle completed by the emergence of adults (Figs. 8,9 ) in October-November, at the start of the summer rains. Observations have shown that 2-3 larva may complete their development in a single branch (as in fig. 1 ) or, when the tree is very young, in the trunk itself. When the branch is small larvae may feed on more of the apical and basal portions than normal; and, conversely, when the diameter of the branch is large, or when the wood of the host plant is harder (as in Jebio, Juno and Pacay), the larvae may restrict their feeding to that part of the branch destined for the pupal chamber. It sometimes happens that the branch/trunk develops splits in the cortex and these are quickly stuffed with fibre by the larva; occasionally obviating the need to prepare frass apertures.
